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1
METHOD OF THE IMAGE PROCESSING

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a method apparatus

of image processing wherein an image, such as a copier

image, including at least one half-tone portion 1s repro-

duced by bi-level quantization.

2. Description of the Prior Art

When an image 1s reproduced with bi-level quantiza-
tion of black and white, a half-tone image will also be
reproduced as a bi-level image. The resolution and the
tone (or the reproduction of concentration) are impor-
tant factors in the image processing. The resolution is
important especially for line images such as a character,
a symbol and the like, whereas the tone is important for
half-tone images such as a picture of a face. Because the
resolution and the tone counteract to each other, vari-

ous kinds of image processing methods in apparatus

have been developed in order to make both factors

compatible. The compatibility is especially needed for
an image wherein both a line image and a tone image are

mixed.
The systematic dither processing 1s effective for re-

production of a half-tone image. In this processing, the
concentration signals of an image sampled by a scan of
picture elements of N XM matrix are divided into P X P

submatrices, and the concentration signals of each sub-
matrix are binarized with predetermined threshold val-
ues of P X P matrix of a dither pattern (see, for example,
FIG. 1). |

An example of image processing of the systematic
dither processing will be explained below: First, assume
that such a line image 1 as shown in FIG. 2 is detected
by sixteen picture elements which constitute a 4X4

submatrix. Eaeh of the numerical values given to each
of the elements of a submatrix shown in FIG. 3 repre-

sents the concentration of the line image at each corre-
sponding picture elements of the submatrix shown in
FI1G. 2. When a matrix of the Bayer type shown in FIG.
1 is employed as a dither pattern, the numerical value of
each element shown in FIG. 3 1s compared with that of
the counter element of the Bayer type dither matrix
which gives a threshold level of each picture element.
The element in the submatrix where the concentration
is larger than the threshold is binarized as black. FIG. 4
shows a bi-level image thus reproduced.

In a second example, such a half-tone image 2 as
shown in FIG. 5§ schematically is processed similarly.
Fach of the numerical values given to each of the ele-
ments of a submatrix shown in FIG. 6 represents the
concentration of the corresponding picture element of
the submatrix shown in FI1G. §. According to the image
processing by using a dither matrix of the Bayer type
shown in FIG. 1, the half-tone image 2 of FIG. 5 is
reproduced as a bi-level image as 1s shown in FIG. 7.

As mentioned above, in the systematic dither process-
ing, the concentration signal of each picture element in

a matrix of N(/mm)XM(/mm) picture elements are
processed in the unit of P XX P submatrix. If P increases,
N/P and M/P decreases, and the resolution becomes

lower. On the contrary, if P decreases or if the subma-
trix becomes small, the tone 1s deteriorated. Thus, it 1s
difficult to reproduce a half-tone image having a satis-
factory quality in respect to both resolution and tone.
For example, an image including a half-tone portion
is sampled with picture elements of 8(/mm) X 8(/mm)
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matrix, and the image is reproduced with black and
white picture elements of 83(/mm) X 8(/mm) matrix as a
result of the dither processing. If a dither pattern of
2 X2 matrix 1s used, the size of each picture element of
the image to be reproduced does not become large so
that the resolution is not significantly lowered largely
while the image cannot be reproduced to provide a tone
of high quality. On the contrary, if a dither pattern of
4 X4 matrix is used, although the tone is improved, the
resolution o the image is lowered so that the quality of
the reproduced image becomes worse.

In the JPN. Pat. laild open publication No.
138969/1980, a process is disclosed wherein the concen-
tration level of a picture element under consideration is
estimated by taking those of the element pictures sur-
rounding the picture element into account in order to
determine the bi-level of each surrounding picture ele-
ments. This processing method corresponds substan-
tially to a dither processing with a finer dither pattern.
Accordingly, it can not essentially improve the resolu-
tion of a line image.

SUMMARY OF THE INVENTION

A purpose of the present invention is to provide a
method of image processing wherein a line image can be
reproduced without lowering the resolution thereof
while an image, including at least one portion of half-
tone 1mage can be reproduced with a high resolution
and in an excellent tone.

According to the present invention, there is provided
a method of image processing for sampling the concen-
tration of each portion of an image in the unit of a pic-
ture element and for binarizing the concentrations of
picture elements in the unit of a submatrix of a predeter-
mined size to obtain a bi-level image, being character-

- 1zed in that the bi-level image obtained from the concen-
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trations have been sampled according to the steps as
follows:

(a) calculating the average of the concentrations of
the picture elements at every submatrix to which the
picture elements belong;

(b) determining the number of elements in the subma-
trix to be treated as black or white according to prede-
termined relationship with the average;

(c) assigning elements in the submatrix up to the num-
ber of elements determined in the step (b) in decreasing
or increasing order of concentration according as
whether black or white dots are to be printed.

An advantage of the present invention is that an
image which includes at least one half-tone portion can
be reproduced by bi-level quantization with a high fi-
delity to the original image without lowering the resolu-
tion.

BRIEF EXPLLANATION OF THE DRAWINGS

Further objects and advantages of the present inven-
tion will be apparent from the following description,
reference being had to the accompanying drawings
wherein preferred embodiments of the present inven-
tion are clearly shown.

In the drawings:

FIG. 1 is a dither matrix of the Bayer type;

FIG. 2 is a line image;

FIG. 3 is a submatrix of the concentration of the line
image shown in FIG. 2;

FIG. 4 is a reproduction of the line image shown in
FIG. 2 by a dither process;
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FIG. 5 1s a half-tone image;

FIG. 6 1s a submatrix of the concentration of the
half-tone image shown in FIG. 5;

FIG. 7 1s a reproduction of the half-tone image shown
in FIG. 2 by a dither process;

FIG. 8 1s a chart which shows processes according to
the present invention;

FIG. 9 1s a block diagram of an image processing
apparatus according to the present invention;

FIG. 10 1s a flow chart of a program to be used in the
present mvention;

FIG. 11 1s a diagram which shows the of picture
elements with numbers:

FIG. 12 is a reproduction of a line image according to
an embodiment of the present invention; and

FIG. 13 1s a reproduction of a half-tone image ac-
cording to an embodiment of the present invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

Referring to FIG. 8, in a method of image processing
according to the present invention, (a) the concentra-
tions are sampled in the unit of one element at the a step
and are binarized in the unit of a submatrix of a prede-
termined size. In the binarizing process, (b) an average
concentration in every submatrix is calculated, (c¢) the
dot number in the submatrix, that 1s, the number of
elements to be assigned as black or white is determined
from the average concentration, and (d) elements (dot
positions) in the submatrix are assigned up to the dot
number in the order of concentration.

All elements up to the determined dot number may
not be assigned only by the above-mentioned process.
(e) Such a case, wherein the number of the rest of the
elements that still remain to be assigned is smaller than
the number of elements having the same concentration,
may arise whegn-the concentration level approaches the
average concentration. (f) Then, the elements that still
remained to be assigned are assigned successively in the
order of the surrounding concentration which is calcu-
lated as a sum or an average of concentrations of the
elements surrounding each element having the same
concentration. This means substantially that elements
which are locate near the elements designated already
are assigned priority.

(g) If all elements up to the dot number are not as-
signed by the above-mentioned processes, that is, if the
number of elements that still remained to be assigned
next are smaller than the number of the elements having
the same surrounding concentration, (h) the elements
the still remain to be assigned are assigned in the order
of a predetermined table which defines the order of the
assignment in a submatrix.

Then, (1) the bi-level data obtained by the above-men-
tioned processes are transmitted to external equipment
such as a printer.

F1G. 9 shows a block diagram of an image processing
apparatus of the mirror-scan type or of the document-
scan type wherein an embodiment of the present inven-
tton 1s adopted. A concentration signal sampled by an
tmage sensor 11 is quantized by an A/D converter 12,
and is stored in a memory 13. A standard oscillator 14
gives a clock signal to the image sensor 11 and to an
address counter 15 which in turn gives an address to the
memory 13. Thus, the memory 13 is synchronized with
the 1mage sensor 11 on sampling. The memory 13 is
connected to a CPU 16. The concentration signals once
stored In the memory 13 are transformed to bi-level
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signals, which 1n turn are transmitted to external equip-
ment such as a printer.

FI1G. 10 shows a flow chart of a program stored in the
CPU 16 according to embodiments of the present inven-
fion.

As a first example, the reproduction of a line image 1
shown in FIG. 2 will be explained. FIG. 10 deals with
a process of determining the picture elements for black
dots. On the other hand, a case of determining white
dots can be processed similarly by taking into account a
reverse relation to the concentration.

First, the concentration level signals sampled by the
image sensor 11 are stored in the memory 13 (step Pl).

After the entire image 1 has been sampled, the con-
centration level signals are processed in the unit of a
4<4 submatrix for bi-level quantization as follows: A
concentration pattern in the unit of a 4 X4 submatrix
shown in FIG. 3, corresponding to the line image 1
shown in FIG. 2, is read out of the memory 13 (step P2).
An average concentration of the concentration pattern
is calculated (step P3), and the average concentration is
found to be (12 X4+6X4)/16=4.5. Next, the dot num-
ber, that is, the number of elements to be printed as
black or white is determined from the average concen-
tration (step P4). For example, the dot number is five if
it is determined as an integer obtained by rounding off
fractions of the average x. (In general, the dot number
can be determined by using an appropriate function f(x)
of the average x. In this case we use f(x)=x concisely.)
In case of a white-dot output where the positions of
picture elements for white dots are designated, we use
f(x)=P X P—x where P is the size of the submatrix.)

Next, the concentration level data are arranged in the
order of the concentration by sorting them (step P5).
Here, we indicate the positions of the picture elements
In a submatrix respectively by the numbers shown in
F1G. 11, and express the concentration level data with
the combination of the picture element position and the
concentration level thereat. Then, the concentration
level data shown in FIG. 3 are rearranged in the de-
creasing order of concentration, that is, “1”-12, “5”-12,
“97-12, “137-12, “2”-6, “6”-6, “10-6, “14”-6, “3-0,
“4”-0, “7’-0, “8”-0, *“11-0, “12”-0, “15”-0 and “16”-0.
In case of white-dot output the order should be re-
versed.

Next, black dots of the dot number obtained in step
P4 are assigned in the decreasing order of concentration
level. First, the highest concentration of the picture
elements which have not yet been assigned is designated
as the concentration level for assignment (step P6).
Now, the highest level 12 is designated. (In case of
white-dot output, the lowest concentration level is des-
ignated.) Next, a check is made to determine whether
the number of the picture elements having the same
concentration level designated is larger than one (step
PT). Four equivalent positions (“1”, “5”, “9” and “13")
1s found to exist at the concentration level 12. (If the
result of the check is “No”, the process is skipped to
step P12 immediately and the position for black dot is
designated.) Next, it is also decided whether the number
of the remainder (in the present case, five) still remained
to be assigned among the picture elements of the dot
number 1s smaller than that of the elements having the
same concentration level (at present, four) (step P8).
Since the decision is “No” in the present example, steps
P9-P11 are skipped to step P12, and four equivalerit
positions (“1”, “5”, “9” and “13”) for black dots are
designated in step P12. Then, it is decided whether the
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designation of the dot positions is completed (step P13).
Betause the decision is “No” in the present case, the
process is returned to step P6, and the next concentra-
tion level “6” is designated therein. It is found that four
equivalent positions (*“2”, “6”, “10” and “14”) exist at
the same concentration level 6 (step P7). Then, it 1s
checked whether the remainder of the dot number (in

the present case, S—4=1) is smaller than the number of
the position having the same concentration level 6 (in
the present case, four). Because the former is smaller
than the latter in the present case, the remainder will be
assigned according to the following steps by taking
surrounding positions into account. First, an average
surrounding concentration level is calculated (step P9).
The average surrounding concentration level is defined
as an average of the concentration levels of the positions
which surround each position having the same concen-
tration level. The average surrounding level is calcu-
lated from the concentration levels shown in FIG. 3,
and is expressed with a combination of the central posi-
tion and the average surrounding level as follows:
“2°.5, “67-6, “10”-6 and “14”-5. Next, it 1s decided
whether the central positions having the same average
surrounding level exist (step P10). In the present case,
two positions “6”’ and “10” have the same average sur-
rounding level. In such a case, the remainder of the
positions to be printed cannot be assigned. Then, the
remainder is assigned according to a predetermined
priority order. In this embodiment, the priority order is
set as fOllOWS: “1”, iill!!’ 553!:, u9n’ “6“, “16”, HSH’ u14n,
“27 %127, “47, *10, “5”, “157, “T’ and “13”. This i1s
the same order as the increasing order of the threshold
values of the dither matrix of the Bayer type shown In
FIG. 1. In the priority order, the position “6” is prior to
the position “10”. Therefore, the last position to be
assigned is decided to be the position “6” (step P11).
Next, the dot position 6 is designated as black (step
P12). (If the positions can be determined only by the
concentration levels (steps P7 and P8), the process 1s
skipped to step P12 directly, and the positions for black
dots are designated.)

Next, it is decided whether all the dot positions are
designated (step P13). In this case, all the dot positions
are already determined.

Then, it is decided whether all the submatrices are
processed or not (step P14). After all the matrices are
processed similarly, the bi-level data obtained are trans-
mitted to an external equipment (step P13).

The coding of the half-tone image 2 (FIG. J) is ex-
plained similarly in the following description. (In FIG.
5, the number of dots in each element is drawn, for
convenience, SO as to coincide with the value of the
concentration level in the counterpart of the picture
elements shown in FIG. 6.) _

First, the concentration level signals sampled with
the image sensor 11 are stored in the memory 13 (step
P1).

After all of image 2 has been sampled, the concentra-
tion level signals are processed for a bi-level quantiza-
tion as follows. Concentrations in the unit of a 4X4
submatrix shown in FIG. 6, which corresponds to the
half-tone image 2 shown in FIG. §, is read out of the
memory 13 (step. P2). An average concentration of the
concentration pattern is calculated (step P3), and it is
found to be 11.6. Next, the dot number is determined
from the average concentration (step P4). It 1s deter-
‘mined to be eleven by cutting off the fraction of the
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average. (In case of white-dot output, it is determined to
be five.) |

Next, the concentration level data are arranged n the
order of the concentration by sorting them (step P3).
Similarly to the case of the line image 1, the concentra-
tion level data are indicated with the combination of
“picture element position”-concentration level. Then,

the concentration level data shown in FIG. 6 are ar-
ranged in the order of “4’-14, “8”-14, “11”-14, “12”-14,
“15°-14, “167-14, “77-13, “107-13, “147-13, “13”-12,
“37-11, “67-11, “9’-11, “5”-11, “5”-4, “2”-3 and “1”-2.
(In case of white-dot output the order will be reversed.)

Next, black dots of the dot number determined will
be assigned in the decreasing order of the concentration
level. Picture element positions are decided to be
printed or not in the order of the concentration level.
First, the concentration level 14 1s designated (step P6).
It is found that six positions (“4”, “8”, “11”, “12”, “15”
and “16”’) exist at the same concentration level “14”.
A check is made to determine whether the number 6
of the picture elements at the same concentration level
is larger than 1 (step P7). If the check is “Yes” as in this
case, it is checked next whether the remainder (in the
present case, eleven) still that remain to be assigned i1s
smaller than the number of the positions at the same
concentration level (in the present case, six) (step P8).
Because the decision is “No” in the present case, we
proceed to step P12 and the six positions for black dots
are assigned. Then, it is decided whether the designa-
tion of black dots up to the dot number is completed
(step P13). Because the decision is “No” in this case, the
process is returned to step P6, and there is designated
the next concentration level 13.

Three positions (*“77, “10” and “14”) having the con-
centration level “13”° and one posttion (“13’’) having the
concentration level “12” are assigned similarly. |

After returning again to step P6, it is decided that
three positions (“3”°, 6’ and “9”) exist at the concentra-
tion level 11 (step P7). Next, it is checked whether the
remainder of the dot number (in the present case, one) is
smaller than the number (three) of the positions at the
same concentration level 11 (step P8). Because it is
checked to be “Yes” in this case, the remainder of print
positions will be assigned in the following steps by tak-
ing the surrounding concentration into account. First,
an average surrounding level is calculated (step P9). We
can express the average surrounding levels in pairs of
the position and the average surrounding level as fol-
lows: “37-11.0, “6”’-9.125 and ““9”’-10.6, Then, the posi-
tion “3” is assigned as the remainder of dot position
(step P10). FIG. 13 shows a reproduction thus obtained.

After dot positions are all designated (step P13), the
bi-level data thus obtained are transmitted to the mem-
ory 13, and then we proceed to a next submatrix (step
P14). After all the submatrices are processed similarly,
the data is transmitted to external equipment (step P135).

In step P9, a sum of the concentrations around the
picture element under consideration can be used instead
of the average concentration.

If we compare a reproduction (FIG. 12) of the line
image 1 (shown in FIG. 2) according to the present
invention with that according to a prior art dither pro-
cess (FIG. 4), the former has a higher resolution than
the latter, and reproduces the concentration more faith-
fully to the original picture. If we compare a reproduc-
tion (FIG. 13) of the half-tone image 2 (shown in FIG.
5) according to the present invention with that accord-
ing to a prior-art dither process (FIG. 7), the former
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reproduces the concentration more faithfully to the
original picture and has a higher resolution than the
latter.

This invention may be practiced or embodied 1n still
other ways without departing from the spirit or essen-
tial character thereof. The preferred embodiments de-
scribed herein are therefore illustrative and not restric-
tive, the scope of the invention including wvariations
which come within the meaning of the claims. are in-
tended to be embraced therein.

What 1s claimed as new:

1. A method of image processing for sampling the
concentration of each portion of an image divided into
a unit of picture elements and for binarizing the concen-
trations of the picture elements in the unit into subma-
trices of predetermined size to obtain a bi-level image,
being characterized in that the bi-level image i1s ob-
tained from concentrations that have been sampled
according to the steps as follows:

J
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(a) calculating the average of the concentrations of 20

the picture elements at every submatrix to which
the picture elements belong; '

~ (b) determining the number of picture elements in the
submatrix to be treated as either one of black or

white according to the calculated average;

(c) assigning the picture elements in the submatrix to
be treated as either one of black or white up to the
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number determined in the step (b) in order of con-
centration of each picture element in the submatrix;

(d) deciding, during the prosecution of the step (c),
whether the total number of elements that still
remain to be assigned is smaller than the number of
the elements having a similar concentration to be
assigned next, and

(e) assigning the elements to be assigned next in ac-
cordance with a predetermined concentration,
which 1s calculated as either a sum or an average of
concentrations of the elements surrounding each
element having the same concentration when the
number of elements that remain to be assigned is
smaller than the elements that would be assigned
next.

2. A method of image processing according to claim
1, wherein said processing of the concentrations com-
prises the further step of:

(f) assigning the elements to be assigned next, in the
order of a predetermined table defining the order
of assignment in a submatrix, in the case where the
surrounding concentrations calculated in the step
(e) are equal to each other and therefore, it is im-

possible to assign elements in the order of sur-

rounding concentration.
X * * x *
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